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Tannenbaum and Silverstone, 1949), and tumor growth is known to be
inhibited at lower food (and lower calorie) intake (Ross ej:_ auK, 1970;
Tannenbaum, 1945a,b); and a high dietary level of fat, which may have a
tumor-enhancing effect, was present in the experimental diet (Ross and
Bras, 1973). Nonetheless, several of the earlier reports have pro-
vided useful information either because they were well controlled or
because they have been confirmed by other studies.

When considering the effect of dietary protein, it is important to
determine whether such an effect is specific for a particular amino
acid or is a general effect of protein.  In a well-controlled study,
Silverstone and Tannenbaum (1951) reported that the spontaneous hepa-
tomas in C3H mice were less frequent (measured as percent of tumor-
bearing animals) in animals fed a 9% casein diet than in animals fed
18% or 45% casein diets. No significant difference in hepatomas was
observed for the latter two dietary groups. All three diets were
isocaloric and were fed to the mice at equivalent time intervals.  In
additional experiments, this effect of protein was still marked when
the animals were fed diets that maintained their individual body
weights.  Therefore, the investigators concluded that the effect of
protein was neither confounded with total food or caloric intake nor
related to the change in body weight. Adding 9% gelatin to the 9%
casein diet had little effect, whereas supplementation of that diet
with methionine and cystine (which is present in relatively low levels
in gelatin) increased the incidence of hepatomas to the level observed
for the mice fed the 18% casein diet. Therefore, it is the excess of
total protein or its adequacy as indicated by amino acid balance that
generates the increased tumor response. The addition of gelatin may
have resulted in extra total protein, but it did not compensate for the
growth-limiting sulfur amino acids.  In one experiment, the effects of
an animal protein (casein) and a plant protein (isolated soy protein)
were compared, but no significant difference in tumor incidence was
noted (Carroll, 1975).

In earlier studies, Larsen and Heston (1945) found that cystine
added to a low casein diet given to Strain A male mice increased the
incidence of spontaneous pulmonary tumors from 28% to 54%. White and
Andervont (1943) observed that female C3H mice fed a cystine-deficient
casein diet exhibited no mammary gland tumors after 22 months, but
almost all the animals quickly developed tumors after their diets were
supplemented with cystine.  Similarly, White and White (1944) observed
that mammary tumors occurred in only 25% of C3H mice fed a lysine-
deficient gliadin diet but in nearly all of the mice when the diet was
supplemented with lysine. White et^ auL. (1947) later showed that only
cystine (buf not lysine and tryptophan) was able to enhance the inci-
dence of 3-BDiethylcholanthrene-induced leukemia in casein-fed mice.
Thus, it appears that tumor enhancement by dietary protein occurs only
when there is amino QC,id balance, suggesting that the effect is not due
to specific amino acids or to amino acid imbalance.